The energy source of the anomalous X-ray pulsars 1 (AXPs) is not well understood, hence their designation as anomalous. Unlike binary X-ray pulsars, no companions are seen, so the energy cannot be supplied by accretion of matter from a companion star. The loss of rotational energy, which powers radio pulsars, is insufficient to power
we use the bluest galaxy in our field (object G), with R = 25.6, R − I = 1.3. Because the intrinsic colour 8 is unlikely to be bluer than (R − I) 0 = 0.3, the total Galactic reddening along this line of sight is constrained by E R−I ∼ < 1.1, or equivalently A V ∼ < 5.
From Figure 2 , we see that most stars have brightnesses and colours consistent with those expected for low-mass stars at distances similar to the open clusters. Star A, however, is either too dim or too blue. It might be bluer because it is nearer and therefore less reddened. But then it would be too dim to be a main sequence star and too red to be a white dwarf. The latter can be seen by comparison to star D, which is probably a foreground white dwarf ( Figure 2 ).
We proceed to estimate the temperature T and radius R of star A on the assumption that the object is located beyond the open clusters (i.e., d > 2.7 kpc; 2.7 ∼ < A V ∼ < 5); below we use d 5 , the distance normalized to 5 kpc. Bearing in mind the intrinsic variability in the shape of the reddening curve, 9 we find a marginal fit for T ≃ 6000 K and R ≃ 0.11d 5 R ⊙ (A V = 2.7), where R ⊙ is the Sun's radius; and increasingly better fits for T ≃ 10 4 K and R ≃ 0.08d
. We note that for T ∼ > 10 5 K the optical bands fall in the Rayleigh Jeans tail and the colours do not vary with T any more. Because temperature and reddening compensate each other, the above scaling in the Rayleigh-Jeans limit actually holds to within 10% for any T ∼ > 6000 K.
For all temperatures, the radii are too small for star A to be a normal star within our Galaxy.
The remaining possibility is that star A is a reddened but hot (T ≃ 5 × 10 5 d 2 5 K) white dwarf. This is extremely unlikely unless it is actually 4U 0142+61 itself, as we discuss below.
From the above, we conclude that in all likelihood star A is the optical counterpart to 4U 0142+61.
Below, we discuss our observations in the framework of the models that have been proposed for AXPs.
The optical extinction A V to 4U 0142+61 is between 2.7 and 5.4 mag, as estimated from the X-ray 3 dust scattering halo and absorption column density, respectively 10, 11 (where the latter is likely the more reliable 10 ); therefore, the source must be at a distance exceeding ∼ 2.7 kpc.
We first consider the possibility that AXPs are isolated neutron stars accreting matter from a disk, presumably composed of supernova debris. 2, 3 In this model, the optical emission arises in the accretion disk, mostly due to reprocessing of the X-ray irradiation 12 ( Figure 3 ). The isotropic X-ray
is the flux in the energy range 0.5-10 keV after correction for interstellar absorption (see Table 1 ). We can estimate the run of temperature with disk radius 13 r by T (r) ≃ 5000(f /0.25)
Here, the factor f parametrizes uncertainties in vertical disk structure and the fraction of impinging X-ray emission reflected by the disk.
The flux at a given frequency and for given inclination is obtained by integrating the emission from the accretion disk (assumed to be optically thick) from an inner radius, r in , to an outer radius, r out ; see ref. 12 and Figure 3 . For a simple estimate, we use that the optical flux will arise predominantly at those radii at which the emission peaks in the optical band, i.e., where T ≃ 5000 K. For 4U 0142+61, this would be at r ≃ 1(f /0.25)
5 R ⊙ , which is much larger than the limit of R ≃ 0.11d 5 R ⊙ derived above, and leads to a brightness much larger than observed (see Figure 3) . Thus, this model is excluded.
The optical emission from the disk can be reduced by appealing to a larger r in or a smaller r out .
The former, suggested 12 in the context of earlier limits, 14 would result in extremely red emission (because of the absence of the hotter inner region). This is incompatible with the observations.
A reduced r out would follow naturally in a model less often considered, in which the AXP are compact binaries. 15 We find that our observations require r out ≃ 0.05d
(f /0.25) −2/11 R ⊙ ; see Figure 3 . This is very small, but not unprecedented: the X-ray binary with the tightest known orbit, 16 4U 1820−30 (an 11 min orbital period) has a similarly small radius and similarly high ratio of X-ray to optical flux; see Table 1 . However, the X-ray spectrum of 4U 0142+61 is rather different from that of 4U 1820−30 and other accreting sources. Furthermore, such compact binaries are not expected to be associated preferentially with supernova remnants. Thus, we consider this model unlikely.
As mentioned, the optical data are consistent with a hot white dwarf. This would be expected in another model rarely considered, in which AXPs are massive and magnetized (10 8 G) white dwarfs 4 rotating on the verge of breakup, presumably formed in the merger of two ordinary, approximately 0.6 M ⊙ white dwarfs. 17 In this model, the ultimate source of energy, as in radio pulsars, is rotation.
For 4U 0142+61, the inferred rotational energy loss, −Ė rot = 4π 2 IṖ /P 3 ≃ 10 37 erg s −1 , is clearly sufficient to account for the X-ray luminosity; here, I = kMR 2 ≃ 10 50 g cm 2 is the moment of inertia appropriate for a hot white dwarf with mass M ≃ 1.3 M ⊙ , radius R ≃ 0.007 R ⊙ and gyration constant k ≃ 0.14. P is the spin period andṖ its derivative. If some fraction β ofĖ rot goes into heating, as might result if the white dwarf rotated differentially, we expect a surface luminosity L = 4πR 2 σT 4 = −βĖ rot , and thus a surface temperature T ≃ 4 × 10
that T does not depend on R). This is sufficient to produce the optical emission for a source at Figure 3 ). We note that a possible descendant may already have been identified 18 : the 1.3 M ⊙ white dwarf RE J0317−853 with P = 725 s, B ≃ 5×10 8 G, and a cooling age of a few 10 8 yr. In this model, however, what mechanism may cause the X-ray spectrum is unclear, the thermal emission being far too soft (see Figure 3) . Furthermore, the association of other AXPs with supernova remnants again seems puzzling.
This leaves us with the magnetar model, 4 in which both the power law component of the X-ray emission and the optical emission would be of magnetospheric origin. Unfortunately, there are no detailed models. Radio pulsars with X-ray and optical detections have rather smaller f X /f opt (see Table 1 ), but their X-ray spectra are unlike those of AXPs. From Figure 3 , it appears that the simplest spectral energy distribution would be obtained if the extinction were near the high end (A V ∼ > 5), so that the emission could peak at a few 10 16 Hz (∼ 100 eV) and be like a power law f ν ∝ ν α with index α ≃ 2 (or even 2.5) in the optical. This could arise if the magnetospheric emission is self-absorbed at optical frequencies. A possible problem for the magnetar model is the lack of X-ray emission from the one radio pulsar with similar P andṖ (ref. 19 ). However, it may well be that, P andṖ are not reliable measures of the strength of magnetic fields for AXPs and that other properties determine whether a source is an AXP.
In spite of the current uncertainties, the optical identification offer us new insights into these enigmatic objects and motivates new observations and searches for optical pulsations. Although RX J0720.4−3125 has a similar pulse period and X-ray to optical flux ratio, its X-ray spectrum is very different from those of the AXPs. For reference, the final column lists estimated distances; the colons indicate the uncertainty, zero colons indicating a factor up to 1.5 uncertainty, one colon a factor two, two colons a factor three. Object Type
ref. were corrected for sensitivity variations using dome flats, and a small correction for non-linearity of the detector was applied to the 1999 observations. For the 1999 I-band observations, a 'fringe' frame was constructed by taking the second-lowest value for each pixel from seven dithered images, which was subtracted from the individual images to remove interference patterns. Instrumental magnitudes were measured using the DAOPHOT II package 42 on the 1994 V band and the 1999 R and I-band images, using only those regions not affected by scattered light from bright, overexposed stars. The 1994 V-band images were taken at a different pointing and rotation angle, which caused different parts on the sky to be affected by bleed trails, and so on. Therefore, we obtained V-band measurements only for stars in the central part displayed in Figure 1 . The photometric calibration was done relative to the 60-inch data, which were calibrated in turn using exposures of the standard fields PG 1657−042 and NGC 7790. 43 The R and I calibration was verified using Keck images of the standard field PG 0231+051. 43 We estimate the uncertainties in the zero points of the magnitudes and colours to be about 0.03 mag. For star A, we find R = 24.99 ± 0.07, V − R = 0.63 ± 0.11, R − I = 1.15 ± 0.09. By comparison with the 1994 images, we find that its brightness was constant to within 0.2 mag (2-σ) in R. 
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The errors include a 3% uncertainty in the reddening correction. 9 At high frequencies (10 17 -10 18 Hz), the crosses show the incident X-ray spectrum as inferred from ASCA measurements. 10 The diamonds show the spectrum after correction for interstellar absorption, and the two thick dashed curves show the two components used in the fit 10 : a power law of the form 
